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CatechinNatural extracts or compounds that possess both antioxidant and antiglycation activities might have great
therapeutic potential for treating diabetic complications. The main purpose of this study was to evaluate
the antioxidant and antiglycation properties of aqueous and EtOH (70%) extracts as well as three isolated
compounds (protocatechuic acid, catechin and vanillin) from Hydnora johannis (Hydnoraceae) roots. The
antioxidant activity of both extracts and isolated compounds was tested by measuring their capacity to
scavenge DPPH and ABTS radicals. The glucose-induced advanced glycation end-product (AGE) formation
of the extracts and isolated compounds was also carried out using in vitro glucose-bovine serum albumin
(BSA-glucose) assay. Results showed that the ethanolic (70%) extract as well as isolated protocatechuic
acid and catechin exhibited strong antioxidant and inhibitory effect of AGE formation. Thus, H. johannis
roots with its high amount of protocatechuic acid (≈3.75 mg/100 g) and catechin (≈26.9 mg/100 g)
could be a natural candidate for studies of herbal complement to diabetes treatment since it combines anti-
oxidant and anti-AGE formation activities.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Free radicals or oxidative injury now appears to be the fundamental
mechanism underlying a number of human neurologic and other disor-
ders (Prior, 2003; Lee et al., 2003). Free radicals have been shown to
participate in the formation of advanced glycation end-products
(AGEs) (Halliwell, 2001). Proteins are modiﬁed by glucose through
the glycation reaction, resulting in the formation of AGEs (Ulrich and
Cerami, 2001). The contribution of AGEs to diabetes, aging and
Alzheimer's disease has received considerable attention in recent
years (Jakus and Rietbrock, 2004). It has been reported that antioxi-
dants and radical scavengers inhibit these processes (Nakagawa et al.,
2002). In this regard, several natural extracts/compounds such as
polyphenolic-rich extracts, curcumin, rutin and garcinol are known to
possess antioxidative property and prevent AGE formation (Sajithlal
et al., 1998; Yamaguchi et al., 2000; Kim and Kim, 2003; Kiho et al.,
2004; Tung et al., 2007). In addition, recent studies have shown that
compounds with combined antioxidant and antiglycation properties
are more effective in treating diabetes mellitus (Duraisamy et al.,
2003; Xi et al., 2008).
Plants are potential sources of natural antioxidants, and certain
species are particularly signiﬁcant because they may be used for the: +33 3 83 68 21 92.
by Elsevier B.V. All rights reservedproduction of rawmaterials or preparations containing phytochemicals
with signiﬁcant antioxidant capacities and health beneﬁts (Exarchou
et al., 2002). The antioxidative effect is mainly due to phenolic com-
pounds, such as ﬂavonoids, phenolic acids, tannins, and phenolic
diterpenes (Shahidi et al., 1992; Chung et al., 1998; Pietta, 2000). This
activity is believed to be mainly due to their redox properties (Zheng
and Wang, 2001; Tung et al., 2007) which play an important role in
adsorbing and neutralizing free radicals, quenching singlet and triplet
oxygen, or decomposing peroxides.
Hydnora johannis Becc. (=H. abyssinica A. Br. =H. solmsiana
Dinter) (Hydnoraceae) is found parasitizing the roots of Acacia
nilotica (Musselman and Visser, 1987). The plant is reportedly used
to treat diarrhea, piles, acne, menstrual problems, stomach cramps
and to stop bleeding (Dold and Cocks, 2003; Hutchings et al., 1996;
Musselman and Visser, 1989). In Sudan, decoction of the roots of
H. johannis is traditionally used for the treatment of dysentery, diar-
rhea, cholera and swelling tonsillitis (El Ghazali, 1997). Previous
study showed that H. johannis is a phenolic-rich plant (Yagi et al.,
2012), where the water and ethanol (70%) extracts were found to
contain high amount of total phenols (about 662 mg/g D.W. in
water and ethanol extract), proanthocyanidins (about 44.60 mg/g
in water and ethanol extract) and ﬂavonoids (25.75 mg/g in water
extract and 31.82 mg/g in ethanol extract). In an effort to discover
new sources of natural health products, the antioxidant and
antiglycation activities of H. johannis root extracts as well as isolated
compounds were investigated..
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2.1. Chemicals
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2′-azinobis-3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS), ascorbic acid, trolox, glucose
anhydrous, trichloroacetic acid (TCA), dimethyl sulfoxide (DMSO),
potassium persulfate, sodium dihydrogen phosphate, and sodium hy-
droxide (NaOH) were purchased from Sigma Aldrich. Bovine serum
albumin (BSA) was purchased from the Research Organics Cleveland
USA. All other organic solvents (analytical grade) were purchased
from Merck.
2.2. Plant collection and extract preparation
Roots of H. johannis were collected from Aldamasin district of
the Blue Nile region, Sudan. The plant was identiﬁed and a voucher
specimen No. 41936HBD was deposited in the Herbarium of Botany
Department, Faculty of Science, University of Khartoum for future
reference. Roots were cut into small pieces and dried at shade.
Dried material was ground to a coarse powder and stored at ambient
temperature prior to extraction. Water extract was prepared by sim-
ple maceration of 50 g of powdered roots in 500 mL of distilled water
maintained at ambient temperature for 4 h. Extract was ﬁltered on
ﬁlter paper and concentrated by freeze-drying. The ethanolic extract
was prepared by soaking 10 g of root powder in 100 mL 70% ethanol
at ambient temperature for 24 h. Extract was ﬁltered and concen-
trated using a rotary vacuum evaporator and then further freeze-
dried. All extracts were stored at −20 °C prior to analysis. Details of
isolation of the compounds (Fig. 1) from the ethanolic (70%) extract
were reported in previous publication Yagi et al. (2012).
2.3. Antioxidant activity studies
2.3.1. DPPH radical-scavenging test
Antioxidant activity of the extracts was estimated using DPPH
in vitro method. Test samples were dissolved separately in methanol
to get test solution of 1 mg/mL. Series of extract/isolated compound
solutions of different concentrations (1, 5, 10, 20, 40, 60, 80 and
100 μg/mL) were prepared by diluting with methanol. Assays were
performed in 96-well, microtiter plates. 140 μL of 0.6×10−6 mol/L
DPPH was added to each well containing 70 μL of sample. The mix-
ture was shaken gently and left to stand for 30 min in dark at room
temperature. The absorbance was measured spectrophotometrically
at 517 nm using a microtiter plate reader (Synergy HT Biotek, logiciel
GEN5). Blank was done in the same way using methanol and sample
without DPPH and control was done in the same way but using DPPH
and methanol without sample. Trolox and ascorbic acids were used as
reference antioxidant compound. Every analyse is done in triplicate.O
R2
OH
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Fig. 1. Three isolated compounds from Hydnora johannis roots. (1) Vanillin; (2)
protocatechuic acid; and (3) catechin.The ability to scavenge DPPH radical was calculated by the following
equation:
DPPH radical scavenging activity %ð Þ
¼ 1− Abssample–Absblank
 h i
= Abscontrolð Þ  100
where;
Abssample is the absorbance of DPPH radical+sample;
Absblank is the absorbance of sample+methanol;
Abscontrol is the absorbance of DPPH radical+methanol.
The IC50 value was calculated from the linear regression of plots of
concentration of the test sample against the mean percentage of the
antioxidant activity. Results were expressed as mean±SEM and the
IC50 values obtained from the regression plots (Sigma PlotsR 2001,
SPSS Science) had a good coefﬁcient of correlation, (R2=0.998).
2.3.2. ABTS radical-scavenging test
A second in vitro method was performed to estimate antioxidant
potential of the extract: ABTS assay, based on the method of Re
et al. (1999). Test samples were dissolved separately in methanol to
get test solution of 1 mg/mL. Series of extract/isolated compound
solutions of different concentrations (1, 5, 10, 20, 40, 60, 80 and
100 μg/mL) were prepared by diluting with methanol. The ABTS
radical cation (ABTS*+) was produced by reacting 7 mM stock solu-
tion of ABTS with 2.45 mM potassium persulfate and allowing the
mixture to stand in the dark at room temperature for 12 h before
use. The obtained ABTS*+ solution was diluted with ethanol to an
absorbance of 0.700±0.02 at 734 nm. 190 μL of ABTS*+ solution
was added to each well containing 10 μL of sample. The mixture
was shaken gently and left to stand for 15 min in dark at room tem-
perature. The absorbance was measured spectrophotometrically at
734 nm using a microtiter plate reader (Synergy HT Biotek®, logiciel
GEN5). The ABTS*+ scavenging capacity of the extract/isolated com-
pound was compared with those of trolox and ascorbic acids and
the percentage inhibition calculated as:
ABTS radical scavenging activity %ð Þ
¼ Abscontrol–Abssample
 h i
= Abscontrolð Þ  100
where;
Abscontrol is the absorbance of ABTS*+ (=0.700±0.02);
Abssample is the absorbance of sample+ABTS*+.
The IC50 value was calculated from the linear regression of plots of
concentration of the test sample against the mean percentage of the
antioxidant activity obtained from three replicate assays. Results
were expressed as mean±SEM and the IC50 values obtained from
the regression plots (Sigma PlotsR 2001, SPSS Science) had a good
coefﬁcient of correlation, (R2=0.9926).
2.4. Glucose-bovine serum albumin (BSA-glucose) assay
Antiglycation property of extract/isolated compoundswas evaluated
by the method described by McPherson et al. (1988). Test samples
were prepared in DMSO (1 μg/mL for crude extracts and 1 mM/mL for
pure compounds). In 96-well plate assays, each well contains 60 μL
reaction mixtures (20 μL BSA (10 mg/mL), 20 μL of glucose anhydrous
(50 mg/mL) and 20 μL test sample). Glycated control contains 20 μL
BSA, 20 μL glucose and 20 μL sodiumphosphate buffer, while blank con-
trol contains 20 μL BSA and 40 μL sodium phosphate buffer. Reaction
mixture was incubated at 37 °C for 7 days. After incubation, 6 μL
TCA (100%) was added in each well and centrifuged for 4 min at
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TCA (5%). The supernatant containing glucose, inhibitor and interfering
substance, was removed and pellet containing AGEs-BSA was dissolved
in 60 μL phosphate buffer saline (pH=10). Fluorescence spectrum
(ex. 370 nm), and changes in ﬂuorescence intensity (ex. 370 nm to
em. 440 nm), based on AGE formation, were monitored by using
Spectroﬂuorometer RF-1500 (Shimadzu, Japan). % inhibitionwas calcu-
lated by following formula:
% Inhibition ¼ 1− Fluorescenceoftestsampleð Þ= Fluorescenceofglycatedð Þ½   100:
Tests were carried out in triplicates and averaged. All values were
expressed as mean±SD. Statistical analyses were performed by using
the SPSS 12.0 statistical package for Windows (SPSS, Inc., Chicago, IL,
USA).
3. Results and discussion
3.1. Antioxidant activity
DPPH and ABTS radical scavenging activities of the water and
ethanolic (70%) extracts from H. johannis roots as well as pure isolated
compounds from the ethanolic (70%) extract are represented in
Table 1. Both extracts revealed the proton-donating ability. The
ethanolic extract showed higher scavenging activity to DPPH radical
with an IC50 value of 1.7 μg/mL than the water extract which have an
IC50 value of 2.6 μg/mL. The same observation was obtained for the
scavenging activity of both extracts to ABTS radical, where the ethanolic
extract showed an IC50 value of 2.4 μg/mL and the water extract
displayed an IC50 value of 3.5 μg/mL. Furthermore, the DPPH and ABTS
radical scavenging abilities of the ethanolic extract were comparable
to those of controls (ascorbic acid and trolox).
The scavenging effects of pure compounds showed that
protocatechuic acid exhibited the strongest DPPH and ABTS radical
scavenging activitieswith IC50 values of 1.33 and 1.8 μg/mL respectively
followed by catechin with IC50 values of 1.6 and 2.1 μg/mL respectively.
However, the antioxidant activity of protocatechuic acid showed to be
considerably higher than that of trolox, and in the range of that of
ascorbic acid. These ﬁndings were in agreement with the previous
results demonstrating the antioxidant activity of protocatechuic acid
(Lin et al., 2009; Ranganathan and Viswanathan, 2010) and catechin
(Muselík et al., 2007; Bae and Lee, 2010). Vanillin showed little antiox-
idant activity to scavenge DPPH and ABTS radicals. However, there is no
consistency in results of studies on the antioxidant activity of this
compound. Some studies showed that vanillin exhibited no or weak
antioxidant activity in a DPPH radical scavenging assay (Kumar et al.,
2002; Deters et al., 2003; Tai et al., 2011), in a β-carotene decolorization
assay (Shyamala et al., 2007), and in linoleic acid and cholesterol oxida-
tion assays (Rosa et al., 2005). Others reported that vanillin showed
antioxidant activities in different assays such as inhibition of lipid
peroxidation induced by photosensitization in rat liver mitochondria
(Kamat et al., 2000) hydroxyl radical (Harish et al., 2005) and ABTS*+Table 1




EtOH (70%) 1.7±0.4 2.4±0.2
Catechin 1.6±0.1 2.1±0.2
Protocatechuic acid 1.3±0.2 1.8±0.2
Vanillin 424±22 154±0.0
Ascorbic acid 1.2±0.2 1.8±0.1
Trolox 1.5±0.2 2.6±0.1
IC50 values represent the mean±S.E.M. (n=3).radical scavenging (Maurya et al., 2007; Tai et al., 2011) and in ORAC
and oxidative hemolysis inhibition assays (Tai et al., 2011).3.2. Antiglycation property
The effect of water and ethanolic (70%) extracts from H. johannis
roots as well as pure isolated compounds from the ethanolic (70%) ex-
tract on AGE formation is represented in Table 2. The ethanolic extract
(IC50 55.7 μg/mL) and the two isolated compounds; catechin (IC50
64.5 μg/mL) and protocatechuic acid (IC50 61.9 μg/mL) showed high
inhibition of AGE formation while the water extract (IC50 86.2 μg/mL)
showed a moderate inhibition. Vanillin did not show antiglycation ac-
tivity. The inhibitory effect of naturally occurring polyphenols on AGE
formation was demonstrated by Lunceford and Gugliucci (2005). They
demonstrated that polyphenol-rich Ilex paraguariensis extracts inhibit
AGE formation more efﬁciently than green tea. Moreover, Xi et al.
(2008) indicated that extracts with combined antiglycation and antiox-
idant properties are more effective in protecting against glycation reac-
tions in the early and late stages.
Thus from this study it can be concluded that, the aqueous and
ethanolic (70%) extracts from the roots of H. johannis showed strong
scavenging activities against bothDPPH andABTS radicals. The ethanolic
(70%) extract showed protective effects against glucose-induced pro-
tein modiﬁcations, inhibiting the AGE formation. These two activities
might be partly attributed to the presence of protocatechuic acid
(≈3.75 mg/100 g) as well as catechin (26.9 mg/100 g) at a high level.
It is generally accepted that lipid peroxidation and nonenzymatic
protein glycation are key processes in the development of diabetes
mellitus (Nawroth et al., 1999; Vlassara and Palace, 2002). Membrane
lipids are particularly susceptible to oxidation due to their high con-
centration of polyunsaturated fatty acids and their association in the
cell membrane with enzymatic and non-enzymatic systems able to
generate free radical species (Aruoma, 1998). Excessive production
of free radical accelerates non-enzymatic protein glycation reactions.
Increased glycation and the build-up of tissue AGEs have been impli-
cated in diabetes mellitus (Vlassara and Palace, 2002). Recent data
further pointed out an increased oxidative damage in the vicinity of
the glycated residues of histones (Guedes et al., 2011). This ﬁnding
strongly suggests that initial glycation and thereby oxidation may
interact synergistically in the development of diabetic complications
(Chen et al., 2011). Therefore, H. johannis root extracts and their
active components which combine these two types of properties
may offer remarkable prospects for the preventive treatment of dia-
betic complications.
Further studies are needed to understand themolecularmechanism
of the antiglycation and antioxidant activities of H. johannis roots
extracts and active components and explore the possible synergistic
effect between them.Acknowledgments
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a Standard drug; IC50 values represent the mean±S.E.M. (n=3).
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